Objectives. To evaluate whether the quality of implementation of a water, sanitation, and hygiene program called SHEWA-B and delivered by UNICEF to 20 million people in rural Bangladesh was associated with health behaviors and sanitation infrastructure access.
S
cientists and development stakeholders argue that health programs proven effective in randomized efficacy trials should be translated into large-scale programs to benefit public health. 1 Substantial evidence supports the scaling up of numerous health programs. [2] [3] [4] Since the establishment of the Millennium Development Goals, the funding and motivation for scaling up has grown. 5 However, translating efficacious, smallscale programs to a large scale can present implementation challenges. 6, 7 A growing body of literature documents barriers and facilitators to scaling up, yet there is little empirical evidence about how best to scale up. [7] [8] [9] [10] [11] [12] In the water, sanitation, and hygiene (WASH) sector in particular, several evaluations of large-scale programs have found limited health impacts and incomplete program uptake. [13] [14] [15] [16] [17] As stakeholders consider scaling up other WASH programs, there is a scientific imperative to evaluate program impacts on health and to document reasons for intervention success or failure. 6 One of the largest WASH programs in history was the Sanitation Hygiene Education and Water Supply in Bangladesh (SHEWA-B) program, which was implemented by UNICEF and the Government of Bangladesh. SHEWA-B targeted approximately 20.4 million beneficiaries from 2007 to 2012. The program promoted hygiene practices and aimed to reduce diarrhea and WASHrelated diseases among the poorest in rural Bangladesh. A 2009 interim assessment of SHEWA-B found little to no improvement in health behaviors (e.g., handwashing), access to hygiene or sanitation infrastructure, or prevalence of diarrhea and respiratory illness among children younger than 5 years. 18 These results could reflect a suboptimal program that needed to be better tailored to the target population or an appropriate program that needed to be better implemented. We conducted an observational study in SHEWA-B program areas to measure whether health behaviors and access to hygiene and sanitation infrastructure would have been better if SHEWA-B implementation had been of higher quality in all clusters. A positive association between implementation quality and health behaviors and access to hygiene and sanitation infrastructure would suggest that the SHEWA-B program had an appropriate design, even if it was imperfectly implemented, and a lack of association would suggest that the program needed to be better tailored to the population.
METHODS
UNICEF and the Bangladesh Department of Public Health Engineering (DPHE) delivered the SHEWA-B program to more than 20 million people in underserved areas without other large-scale WASH programs (Figure A, available as a supplement to the online version of this article at http://www. ajph.org). The program was implemented from 2007 until mid-2013. SHEWA-B consisted of rural, urban, and school-based programs; this assessment focuses on the rural program, which visited households and held community meetings to promote WASH behaviors to the mothers of young children. UNICEF and DPHE partnered with nongovernmental organizations that recruited, trained, and supervised hygiene promoters from the SHEWA-B communities. Hygiene promoters received 27 days of training between 2007 and 2012. They were responsible for delivering 6 key messages to SHEWA-B participants:
1. wash both hands with water and soap before eating or handling food, 2. wash both hands with water and soap or ash after defecation, 3. wash both hands with water and soap or ash after cleaning a baby's bottom, 4. safely collect and store drinking water, 5. dispose of children's feces in hygienic latrines, and 6. use hygienic latrine (all family members, including children).
Other messages included 1. clean and maintain latrines, 2. construct a new latrine if the existing one is full and fill latrine pits with soil or ash, 3. draw drinking water from an arsenic-safe water point, 4. wash raw fruits and vegetables with safe water before eating and cover food properly, and 5. manage menstruation period safely.
There was little migration in the target population during the program, and target beneficiaries were typically available to participate in program activities. At the time of this study, each hygiene promoter was instructed to visit 1200 to 1500 households every 3 months. Hygiene promoters were supposed to receive an incentive of 4200 Bangladeshi taka per month (approximately US $1.80 per day), which is roughly half the daily wage of an unskilled laborer in Bangladesh.
In early 2010, following the interim assessment of SHEWA-B in 2009, 18 UNICEF attempted to address delays in the disbursement of hygiene promoter funds, which may have hampered field implementation. UNICEF also partnered with the London School of Hygiene and Tropical Medicine to explore why interim improvements in WASH behaviors were only minimal. Following this, UNICEF developed a mass media campaign to relay more focused behavior change messages and attempted to strengthen the quality of communication between hygiene promoters and beneficiaries. We conducted this assessment during the period when these changes were implemented. Further details about the SHEWA-B program are provided elsewhere. 18 
Data Collection
To measure outcomes and implementation quality, we conducted a cross-sectional survey from June 2011 to April 2012 in a sample of clusters targeted by SHEWA-B. The survey included spot checks and demonstrations of health behaviors that UNICEF aimed to improve. We provide details about the sample size and sampling methods in the online Supplement. Field staff asked respondents about the nature and frequency of hygiene promoter home visits. Staff interviewed hygiene promoters in the sampled clusters about their job duties and assessed their recall of key messages.
Measurement of Implementation Quality
Because implementation quality was not defined a priori, we created an index with guidance from UNICEF about ideal program implementation. We constructed the index using variables from the survey of households targeted by SHEWA-B and the survey of hygiene promoters. To minimize reporting bias, we only included hygiene promoter survey items that were related to their knowledge of key SHEWA-B messages (e.g., we excluded items such as their reported frequency of visiting SHEWA-B households). We employed the Delphi method 19 to gather structured, qualitative feedback from 12 UNICEF staff that worked on SHEWA-B. Each participant independently assigned points to variables related to hygiene promoter performance measured in the cross-sectional and hygiene promoter surveys (1 = weak measure of implementation quality, 5 = strong measure of implementation quality). Following the first round, researchers calculated the mean points per item, reported the mean points per item to each participant, and asked participants if they wanted to change their initial point allocations. At each step, participants gave qualitative feedback about the items. Researchers solicited suggestions for additional items in both rounds, and participants assigned points to these items. Then, for each item considered relevant by UNICEF, we created weights equal to the average number of points per item in the second round. We scaled the index to a range of 0 to 100. A value of zero indicates that the respondent reported that they never met a SHEWA-B hygiene promoter and did not hear about or attend a community meeting, and that the hygiene promoter in their community could not recall any of the key messages. A value of 100 indicates that the hygiene promoter visited the household in the last month and the respondent heard of or attended a community event in the last month, knew the hygiene promoter's name, and reported that the hygiene promoter demonstrated key messages in the last year and that the hygiene promoter recalled all key messages.
Outcomes
The outcomes were as follows:
1. caregiver's correct demonstration of handwashing (she used soap, water, both hands); 2. presence of a dedicated handwashing location, with water and soap, within 10 feet of the place of defecation (or if soap was not present, the respondent could retrieve soap within 60 seconds); 3. clean child and caregiver hands (palms, finger pads, and fingernails were free of visible dirt);
4. availability of a private, improved latrine according to the Joint Monitoring Program (UNICEF-WHO) definition 20 ; 5. no feces on the latrine slab or floor; 6. a hygienic drinking water collection point (the platform at the water collection point was not broken or waterlogged, and there were no feces or garbage around it); and 7. a cover on drinking water containers.
All outcomes were measured through observation by field staff.
Potential Confounders
We prespecified potential confounders as variables that could affect implementation quality and outcomes directly or through intermediates. Because the program was delivered by the same hygiene promoter in each cluster, we defined the following confounders at the cluster level rather than the individual level. 21 Regional poverty level. Because nongovernmental organizations recruited and trained hygiene promoters, it is possible that in poorer areas, the education level of hygiene promoters was lower or the training they received was of poorer quality. Lower education of respondents in poorer areas may also have affected the extent of behavior change. We used data from the 2000 Bangladesh Household Income and Expenditure Survey to control for subdistrict poverty in our models. 22 Season of data collection. In the rainy season, hygiene promoters may have had more trouble traveling to assigned villages. We defined cool season as September through February, hot season as March through May, and rainy season as June through August.
Geographic features. Hygiene promoters may have had trouble traveling to clusters in flood-prone areas, particularly during the cool season, when paths become muddy. Households in drought-prone areas may have had limited access to water mainly in the dry season, which may have affected their handwashing and drinking water storage behaviors. We divided study areas into 3 geographic types: regular, flood-prone, and drought-prone areas. We explored effect modification by each of these variables.
Statistical Analyses
Unadjusted analysis. We calculated the percentage of each outcome among household respondents and calculated 95% confidence intervals using robust standard errors to account for clustering at the cluster level. We explored crude associations between each outcome and the implementation quality index using scatter plots and locally weighted scatter plot smoothing (LOWESS) plots with normal-based point-wise 95% confidence bands. 23 Counterfactual analysis. We conducted a counterfactual analysis to assess whether outcomes would have differed if all clusters had received a low, moderate, or high level of implementation quality. Although in practice it is unlikely that all clusters would receive the same level of implementation quality, using this approach allowed us to (1) compare outcomes over the range of implementation quality and (2) estimate the maximum effect of implementation quality if all clusters had received high-versus low-quality implementation. We conducted counterfactual analyses using the clusterlevel mean of outcomes, implementation quality index, and potential confounders since SHEWA-B was effectively a clusterlevel intervention: approximately 1 hygiene promoter was responsible for each cluster, and hygiene promoters not only visited individual households but also held communitywide meetings. First, we used generalized linear models with a Gaussian family and identity link function to estimate associations between each outcome (Y) and implementation quality (A), controlling for potential confounders (W) (E[Y |A,W]). We considered linear models to be appropriate given that our scatter plots indicated linear patterns between implementation quality and each outcome. To allow for nonlinear relationships, we also estimated E[Y |A,W] using a data-adaptive, ensemble machine learning algorithm that included the following learners: the simple mean, generalized linear models, Bayesian generalized linear models, lasso and elastic-net regularized generalized linear models, and generalized additive models. 24 Results were similar using both estimation methods, so we only present the results from the generalized linear models.
To compare outcomes over the range of implementation quality, we created counterfactual data sets in which all clusters were assigned an implementation quality level (A = a) ranging from the 10th to 90th percentile of the observed distribution in increments of 10. We then reestimated mean outcomes using model coefficients and averaging over values of confounders (E W [Y |A = a,W]). To estimate the maximum effect of implementation quality, we estimated the difference in the probability of each outcome at the 90th (index = 58) and 10th percentiles (index = 3) of implementation quality
. We chose to use percentiles of the observed distribution rather than the theoretical minimum and maximum (index = 0 and index = 100) to avoid extrapolating beyond the information in the observed data. To detect possible residual confounding of the association between implementation quality and outcomes, we repeated the analysis using a negative control outcome 25, 26 : the reported number of neonatal deaths in the respondent's household in the past 5 years. We used a nonparametric bootstrap with 1000 replicates to obtain percentile-based 95% confidence intervals for each scenario. We excluded households with missing data from analyses and thus assumed these data were missing completely at random (Table A, available as a supplement to the online version of this article at http://www.ajph.org).
RESULTS
To reach the planned sample of 32 480 households in 1160 clusters, field staff invited 33 134 households in 1182 clusters to participate; 33 027 households consented to participate (response rate = 99.7%; Table B , available as a supplement to the online version of this article at http://www.ajph.org). The majority (96%) of respondents were the mothers of the youngest child in the household. We reached 1110 of 1164 hygiene promoters (95.4%) in 1126 clusters. After merging cross-sectional survey data with hygiene promoter survey data, outcome data from 31 521 households in 1182 clusters and implementation quality data from 1126 clusters were available for analysis. In calculating the index, we excluded data from 56 clusters because of missing hygiene promoter survey data. Forty-three percent of households sampled were in subdistricts in which 37% to 55% of residents were estimated to live below the poverty line (Table C, available as a supplement to the online version of this article at http://www. ajph.org).
Implementation Quality
Only 31% of households reported meeting a hygiene promoter in the last 4 months (n = 8328 households; Table 1 ). Fifty-three percent of households (n = 16 670 households) did not recall ever meeting a SHEWA-B hygiene promoter ( Table 1 ). The range of the implementation quality index was 0 to 90, with a mean of 28 and SD of 21 (n = 1126 clusters; Figure B , available as a supplement to the online version of this article at http://www.ajph. org). Implementation quality was significantly higher in areas surveyed during the cool and hot season than in the rainy season (Table D , available as a supplement to the online version of this article at http://www. ajph.org). There was no statistically significant difference in mean implementation quality between areas prone to drought, flooding, or neither.
Hygiene Promoter Survey
The most commonly reported problems hygiene promoters reported were that beneficiaries did not have time to listen during community meetings (n = 495 hygiene promoters; 45%) and household visits (n = 376; 34%), and that beneficiaries did not have enough money to buy soap (n = 375; 34%). The majority reported that they met with their supervisor at least weekly (n = 814; 73%) and that supervision was sufficient (n = 908; 82%). Most were satisfied with the content (n = 934; 84%) and duration (n = 709; 64%) of their training, but reported that their stipend was insufficient (n = 961; 87%) and was not paid on time (n = 721; 65%). When asked to recall the 6 key messages of SHEWA-B listed in Methods, on average, hygiene promoters recalled 2.9 out of 5 messages about safe water storage, 4.5 out of 6 about handwashing, and 4.5 out of 9 about latrine usage. Fewer than half (47%) of the hygiene promoters surveyed could recall the main key messages of SHEWA-B (n = 527).
Outcomes Compared With UNICEF Targets
Performance was close to UNICEF targets for (1) having no feces on the latrine slab or floor, (2) presence of a dedicated handwashing location, (3) no open defecation, and (4) covering drinking water containers ( Table  2) . Performance was substantially below target for access to a private, improved latrine (observed: 23%; target: 75%) and for having a hygienic drinking water point (observed: 28%; target: 82%).
Program Outcomes and Implementation Quality
Unadjusted analysis. The frequency of hygiene promoter visits was not associated with improved health behaviors or access to hygiene or sanitation infrastructure. The percentage of respondents performing health behaviors or who had access to hygiene or sanitation infrastructure was never more than 6% higher among those who saw a hygiene promoter in the last month than among those who had met a promoter only once (Tables E and F, available as a supplement to the online version of this article at http://www.ajph.org). In some cases, the percentage was lower among those who had a met promoter more recently. In scatter and LOWESS plots, the probability of each outcome had a monotonic pattern across the range of implementation quality, and the slope was relatively flat (Figure C, available as a supplement to the online version of this article at http://www.ajph.org).
Counterfactual analysis. In the counterfactual scenarios comparing outcomes over the observed range of implementation quality, we found that the probability of each outcome was not substantially higher at higher levels of implementation quality Respondent knew a SHEWA-B hygiene promoter by name 8 663 28 (26, 29) Respondent recalled that a hygiene promoter gave safe water messages in the last year 8 076 26 (24, 27) Respondent recalled that a hygiene promoter gave handwashing messages in the last year 9 120 29 (28, 31) Respondent recalled that a hygiene promoter gave sanitation messages in the last year 9 128 29 (28, 31) Respondent recalled that a hygiene promoter gave at least 3 messages in the last year ( Figure D , available as a supplement to the online version of this article at http://www.ajph.org). There was evidence of effect modification by subdistrict poverty level, season of data collection, and geographic features for certain outcomes (Figures E-G, available as a supplement to the online version of this article at http:// www.ajph.org). For example, the association between having an improved latrine and implementation quality was stronger in areas with lower poverty levels. The association between implementation quality and having a dedicated handwashing station was stronger in areas that were not droughtprone.
In our counterfactual analysis of the maximum possible effect of implementation quality (Figure 1) , the difference in the probability of each outcome was no more than 1% to 3%, with the exception of 3 outcomes: in the high-versus low-quality implementation scenarios, the probability (1) that caregivers correctly demonstrated handwashing was 13% higher (95% confidence interval [CI] = 11%, 16%), (2) that they had a dedicated handwashing location was 5% higher (95% CI = 2%, 9%), and (3) that they stored their drinking water in a covered container was 5% higher (95% CI = 1%, 10%). In our negative control analysis using the reported number of neonatal deaths in the respondent's household in the past 5 years as the outcome, we found no association (estimate = -0.003; 95% CI = -0.056, 0.044).
DISCUSSION
Our assessment of SHEWA-B is among the largest assessments (n = 33 027 households) ever conducted of a scaled-up public health program. The implementation of SHEWA-B did not meet UNICEF's ideal in any area. Approximately half of respondents did not recall ever meeting a SHEWA-B hygiene promoter, and thus they effectively were not offered the program. Health behaviors and access to hygiene and sanitation infrastructure were similar whether or not participants had met a SHEWA-B promoter. Our counterfactual analysis suggested that the difference in outcomes was very small among those who received the highest versus the lowest implementation quality. Evidence of an association between program implementation and health behaviors or access to hygiene or sanitation infrastructure would have justified estimation of other more realistic parameters, such as population intervention effects. [27] [28] [29] Our results suggest that a redesign of some elements of the SHEWA-B program were needed to achieve desired targets of the remaining program outcomes at the time of this study. Several outcomes, such as the open defecation rate, nearly met UNICEF's target levels; however, considering the lack of association between implementation quality and health behaviors and access to hygiene or sanitation infrastructure, these outcomes likely resulted from factors other than SHEWA-B, such as secular trends. Our findings complement those of a separate evaluation of SHEWA-B, which found UNICEF's log frame indicator was defined as demonstrating skills to operate and maintain water points.
no differences in health behaviors or infrastructure access between intervention and control groups. 30 Although they found small decreases in child diarrhea and respiratory illness, because of the lack of impact of the program on outcomes of interest, evaluators concluded that differences in illness between the 2 groups at the end of the program were likely attributable to selection bias or unmeasured confounding rather than the SHEWA-B program.
Factors Affecting Poor Implementation of SHEWA-B
There were a number of potential factors that may have affected SHEWA-B implementation. First, although hygiene promoters reported satisfaction with their training, it is possible that the training was insufficient, as is suggested by our finding that promoters' recall of key messages was low. Second, assessments of hygiene promoter supervision and performance may have been insufficient. Improved supervision and audits with feedback may improve hygiene promoter performance and increase their job satisfaction and motivation. 11 Although UNICEF and DPHE conducted performance assessments of hygiene promoters, our results suggest that assessments did not result in high-level hygiene promoter performance in most areas. Third, most hygiene promoters reported that their stipend was insufficient and not paid on time. Given promoters' modest remuneration, the number of households SHEWA-B hygiene promoters were responsible for (1200-1500 per promoter) may have been unreasonable. Others have reported that community health worker attrition in Bangladesh was associated with workers' dissatisfaction with remuneration. 31, 32 The health promoter literature suggests that sufficient remuneration contributes to promoter success. 11 Finally, the program may have been more successful if SHEWA-B, instead of only promoting behaviors, had also provided hardware such as handwashing stations or improved latrines, similar to what other local organizations have done. 33 
Other Evaluations of Large-Scale WASH Programs
The results of this large assessment demonstrate the difficulty of maintaining program quality while scaling up, as has been reported by others. 7 On the whole, our findings echo those of the few, existing assessments of large-scale WASH programs. Evaluations of large-scale handwashing campaigns reported increased exposure to handwashing messages (e.g., 9% -16% increase in Peru 13 and 10% increase in Vietnam 14 ). These studies found increases in certain handwashing behaviors but no impact on health. Two randomized trials of large-scale sanitation programs in India found moderate increases in sanitation coverage from baseline to follow-up (in Madhya Pradesh, change from 18% to 44% in intervention, 21% to 24% in control 16 ; in Odisha, change from 9% to 63% in intervention, 8% to 12% in control 17 ). Neither study found reductions in diarrhea or enteric parasite infections. A trial of a largescale sanitation program in Indonesia found that at follow-up, household toilet construction occurred in 16% of treatment households and 13% of control households; they reported 3.3% diarrhea prevalence in treated communities and 4.6% prevalence in control communities at follow-up (P < .001). 15 
Limitations
This study was subject to several limitations. First, our implementation quality index was developed through a systematic process with UNICEF staff that designed and implemented SHEWA-B, but it remains possible that it was poorly defined. Future studies of large-scale programs would benefit from a priori definition of program fidelity measures to allow for rigorous assessment. 34 Second, it is possible that recall bias, respondent bias, and measurement error occurred. We used rapid observations of hygiene practices and conditions because they are efficient and have been shown to be valid, reliable indicators for many hygiene outcomes. 35 We found no association between the index and a negative control outcome (neonatal deaths), suggesting that the association we report between implementation quality and outcomes was not likely to be a result of residual confounding. It is also possible that respondents did not recall hygiene promoter visits, which would have caused us to underestimate SHEWA-B implementation quality; however, even if respondents failed to recall visits, poor recall of the visits suggests that they were likely not to have been impactful in changing the behaviors targeted by SHEWA-B. Fourth, information about promotion activities provided in interviews with hygiene promoters was not consistent with information reported by SHEWA-B beneficiaries, which suggests considerable response bias from hygiene promoters. In addition, the 5% of hygiene promoters who did not participate in our survey may have been systematically different from those who participated, which may have influenced our findings. Finally, we were unable to explore the importance of factors such as management and financing of SHEWA-B because of the complexity of implementation. Large-scale programs have been more successful when there is strong leadership and management and realistic arrangements for financing.
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Public Health Implications
We found that the implementation of SHEWA-B, one of the largest public health WASH programs in history, was not optimal in any area. Even if implementation quality had been higher, our findings suggest that outcomes would not have been substantially better. Modifications to SHEWA-B's design would likely have been needed for the program to improve health behaviors and access to hygiene and sanitation infrastructure and to reduce disease.
